In the present study ,we explore the effects of a lower infrasonic intensity on biological features of osteoblast-like MC3T3-E1 cells in vitro. Cells were seeded into plate at a density of 1 × 10 4 /ml and were exposed to 100 decibel (dB) infrasonic pressures at several different frequencies, 4, 12, and 20 Hz, respectively for 30 min daily. After five days, cell proliferation was determined by cell counting. Alkaline phosphatase activity (ALP) was detected by a biochemical analysis and the synthesis of osteocalcin (OCN) was measured by a radio-immunological assay. Cell numbers increased significantly from the third day when infrasonic stimuli were used at frequencies of 4 or 12 Hz (p<0.05), and from the fifth day at the frequency of 20 Hz (p<0.05). Although ALP activities were low both in infrasonic exposed groups and the control group (p>0.05), OCN activity was much higher in each infrasonic exposed group compared to the control group (p<0.01). It was concluded that 100 dB infrasonic exposures might promote osteoblast-like cells growth and secretion activity in vitro.
INTRODUCTION
Bone formation depends on suitable mechanical stimulation, Ryder and Duncan (1) indicated that mechanical strains in the range of 250-2500 microstrain were beneficial for bone formation over bone resorption. Bone damage is produced at both low levels (0-250 microstrain) or high levels (>2500 microstrain) of mechanical strain as bone resorption exceeds bone formation during such states. Shen. et al (2) discussed the advantages of oscillation stress to bone reconstruction. They used 30N longitudinal stress for 30 min daily for 4 weeks and found that stress accompanied with frequency as low as 10-15 Hz enhanced callus resistance to twist, anti-distortion, and the loading capacity compared to 60~100Hz frequency. Chao and Inoue (3) opined that vibration with frequency of 30-300Hz might induce osteoporosis, but a low frequency of 0.5-3 Hz could promote new bone generation since 3Hz approached the frequency observed during animal jogging. In summary all of the above research lend support to the opinion, that stress with suitable density and low frequency could somehow facilitate bone formation although some discrepancy may exist among different conditions. Infrasonic pressure is a kind of the mechanically compressed wave which travels longitudinally. Objects may vibrate or flatten when struck by waves. Several literature reports showed that infrasonic pressure has traumatic effects on the organism especially after exposure to higher intensity for a long time. For example, Liu et al (4) reported that infrasound of 8Hz 90dB can induce [Ca 2+ ]i increase and decrease the expression of RyRs in CA1 and CA3 regions of the hippocampus after exposure to infrasound 2 hours per day for 14 and 21 days. Nishimura et al (5) paper also reported infrasound damage effects in stress. However, whether exposure to lower infrasonic pressure for short time will facilitate bone metabolism has never been investigated. In the present study, we explored the effects of 100 dB infrasonic pressure only 30min once per day with several different frequencies on the proliferation and secretion of murine osteoblast-like cell line (MC3T3-E1) in vitro.
MATERIAL AND METHODS 2.1 Reagents
Murine osteoblast-like cell line MC3T3-E1 was provided by the Department of Biochemistry in the Fourth Military Medical University, China. The cells were cultured in DMEM cell culture medium (Gibco, USA) with 10% fetal bovine serum (Qinghu Institute of Fetus Bovine Utilization, Zhejiang, China), penicillin (100 units/ml), streptomycin (100 ±g/ml) and 1% glutamine. Trypsin was purchased from Gibco, USA. The alkaline phosphatase activity (ALP) detection kit was purchased from Jianchen Biological Products Company (Nanjing, China). An osteocalcin (OCN) radioimmune assay kit was obtained from Chinese PLA General Hospital (Beijing, China).
Cell Culture
MC3T3-E1 cells at the exponential growth phase were digested, and seeded at a cell density of 1 × 10 4 /ml into a 48-well-plate. The cells were allowed to grow overnight. On the following morning at 8AM cells were exposed to the infrasonic stimulus for 30 min at 4Hz, 100dB, or 12Hz, 100dB, or 20Hz, 100dB. The control cell plate was also placed in the infrasonic pressure capsule without any stimulus The treatment was done daily for five days.
Cell Proliferation Counting
Everyday at 3PM the cells in 6 wells from each group were counted with a hemacytometer
Expression of osteocalcin (OCN)
At the fifth day, 100µ L of supernatant from 8 wells of each group was taken, mixed well with 100µ L I 125 labeled OCN plus 100µ L OCN antibody and incubated at 40˚C for 24 hr. Then on the following day 0.5 ml of separation reagent was added, shaken well and left at room temperature for 20 min. It was immediately centrifuged at 35,000 rpm at 40˚C for 25 min, and the supernatant was discarded and the radioactivity in the precipitate was read by Auto-Gamma Counting Systems. Standard curve was plotted according to the manufacturer's instruction.
Detection of alkaline phosphatase (ALP) activity
The original 8 wells, from which supernatants have been used to check osteocalcin, were emptied. The wells were then washed twice with 0.01 M PBS and incubated with 150µ L 0.2% Triton-X-100 overnight at 40˚C. On the following day, 1ml of culture medium with 100µ L cell Iysis buffer was added into each well and mixed. The reactants were incubated at 37˚C for 15 min. After adding 1.5ml developing buffer, absorbances were measured at 520nm on a spectrophotometer. 100µ L
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distilled water instead of cell Iysis buffer was used in the blank group. Since ALP activity is proportion to the OD value, a standard curve was plotted according to the manufacturer's instruction.
Statistical Analysis:
Data were expressed as mean ± standard deviation (SD). Statistical analysis was performed bylone-way or Multivariate ANOVA test using the SPSS10.0 software program. Data were considered significant if p<0.05 and very significant if p<0.01.
RESULTS

Effects of infrasonic stimulus frequency on MC3T3-E1 cell proliferation.
The wildtype MC3T3-E1 cells were irregular in shape, and the cells subjected to infrasonic stimulus changed little over the five days treatment. But the cell numbers in the 4Hz, 100dB and 12 Hz,100dB groups were apparently increased from day three (p<0.05) and in the 20Hz,100dB group from day five (p<0.05) compared to the cells without any infrasonic treatment (Table I ). There were no significant differences within the infrasonic pressure groups (Table I) . 
Effects of infrasonic stimulus frequency on OCN expression in MC3T3-E1 cells
We observed that OCN expression in all infrasonic groups was higher than in the control group (p<0.01) (Table II ). In addition, the 20 Hz, 100dB group had higher expression than the 4Hz, 100dB group and the 12 Hz, 100dB group (p<0.05). OCN in the 4Hz group had higher expression than the 12 Hz group (p<0.05) (Table II) . 
Effects of infrasonic pressure frequency on ALP expression in MC3T3-E1 cells
The ALP expression in all infrasonic and control groups was decreased, and there were no differences among all of them (p>0.05) (Table III) .
Table III Effects of infrasonic pressure frequency on ALP expression in MC3T3-E1 cells, (OD value, n=8,'x±s)
4Hz 12Hz 20Hz control OD 0.016±0.008 0.013±0.005 0.014±0.005 0.013±0.005
DISCUSSION
In this study we found that cell proliferation was increased significantly after exposure to 100dB infrasonic pressure. Cells in the 4Hz and 12Hz groups grew
Wang Bing, Chen Jing-zao and Guo Zhen-guo faster than that in the 20Hz (p<0.05) group, which appeared to respond to the stimuli by day five (p<0.05). But there were no differences among infrasonic pressure groups. We failed to observe cellular proliferation at the later time point because of confluent cells in the culture plate at day five. ALP is a typical enzyme marker for the osteoblast cells. Ozawa et al (6) reported that ALP activity in MC3T3-E 1 was inhibited significantly after exposure to 3 × 10 5 Pa continuous pressure for 48hr, while Klein-Nulend et al (7) observed that intermittent pressure might increase ALP activity in cartilage cells.
We found that ALP activity in both infrasonic groups and, the control group was pretty low, and there were no difference among them (p<0.05) which might be due to the different cell type. MC3T3-El cell line is known as immortalized murine calvarial osteoblast cell. It might lose some intrinsic features after many passages in vitro, such as reduction of ALP expression and collagen synthesis, or incapability of forming calcified matrix in vitro. Takahashi et al. (8) also founded the same changes of ALP expression in their paper.
OCN (Bone Gla protein, BGP), is a major non-collagenous protein in the bone matrix, synthesized by osteoblats. During bone formation, osteocalcin is partly incorporated into bone matrix and partly released into the circulation. Hence circulating levels of osteocalcin were proven to be a specific marker of bone formation. Ducy and Karsenty (9) found that OCN mRNA was only expressed in the mature osteoblast cells during osteoblast differentiation. Our study demonstrated that the highest expression of OCN was observed in the 20Hz, 100dB group (p<0.01) compared the 4Hz and 12 Hz groups. It might be due to the few mature cells developed among the fast-growing cell populations in these groups and the difference in the OCN secretion was not significant.
We applied 100dB infrasonic stimuli in our system, which is also equivalent to 2N/m 2 or 2.04 × 10 -2 g/cm 2 intensity of pressure. According to Ryder and Duncan (1) , the bone modeling threshold range should between from 250 to 2500 microstrain, the middle point was about 1000microstrain, this means 20 megapascals or 60dB. and the microdamage threshold range(MESp) may be ≥3000microstrain( equal 60 megapascals or 90dB). Our infrasound pressure is far more than the Ryder and Duncan MESp, but we found this density of infrasound promoted osteoblast-like cells growth and secretion activity, the reason maybe that the stimuli were not directly applied on osetoblast in cell culture. Plate in vitro, but conducted through the cell culture medium . The same result can be seen in Shen's report, Shen et al (2) have tried to apply 30N longitudinal oscillation pressure on the rabbit ulna in vivo, approximately 1~2 × 10 3 g/cm 2 according to the sectional area of the ulna, which was far more intense than what we used in our system. Since the Haversian canal in the bone receives most of the oscillation pressure in vivo, the pressure on the osteoblast cells is much less than the total applied pressure. However the cell culture in vitro is a totally different setting. All cells attached to the plate would endure almost all of the applied sound pressure, which might explain the disagreement seen in the two systems.
We also applied 130dB infrasonic stimulus for 30min /d, and found it could not promote osteoblast-like cells growth and secretion activity in vitro.
CONCLUSION
In our study we showed that exposure to 100dB ingrasonic pressure at all frequencies for only 30min per day might promote the differentiation, proliferation and secretion of the MC3T3 cells in vitro. The proliferation and secretion were highest in the 20Hz group, and the secretions were also increased in the 4Hz and 12 Hz groups. Since all of the data were obtained within the observation window of five days, cell metabolism changes at later times need to be further explored a future study.
